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Abstract 
Most of time series analysis methods are based on an assumption of linear 
models. However, most observed time series are very complicated or non-linear. In 
the past, higher-order spectral methods have been developed to distinguish the 
non-linear time series from linear time series. The objective of this study is to use the 
time series decomposition method to examine the difference between the linear and 
non-linear time series. According to the results of synthetic data of linear and 
non-linear models generated in this study, the autocorrelation function is more 
attenuated as the time series is more skewed. 
Key words?Non-linear time series；Time series decomposition method；
Autocorrelation function
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?? 1 ??????????? 
????? 
?? ?? ????
???? 
?? 
?? 
AR(1) 10.5t t tZ Z a−= ∗ +  ? (3.1) 
AR(2) 1 21.1 0.3t t t tZ Z Z a− −= ∗ − ∗ +  ? (3.2) 
AR(3) 1 2 31.2 0.47 0.06t t t t tZ Z Z Z a− − −= ∗ − ∗ + ∗ +   (3.3) 
AR(4) 
1 2 3
4
1.8 1.19 0.342
0.036
t t t t
t t
Z Z Z Z
Z a
− − −
−
= ∗ − ∗ + ∗
− ∗ +
  (3.4) 
AR(5) 
1 2 3
4 5
2.5 2.45 1.175
0.2754 0.0252
t t t t
t t t
Z Z Z Z
Z Z a
− − −
− −
= ∗ − ∗ + ∗
− ∗ + ∗ +
  (3.5) 
AR(6) 
1 2 3
4 5 6
3.3 4.45 3.135 1.2154
0.24552 0.02016
t t t t
t t t t
Z Z Z Z
Z Z Z a
− − −
− − −
= ∗ − ∗ + ∗ −
∗ + ∗ − ∗ +
 (3.6) 
MA(1) 10.9t t tZ a a −= − ∗  ? (3.7) 
MA(2) 1 20.9 0.8t t t tZ a a a− −= − ∗ − ∗  ? (3.8) 
MA(3) 1 2 30.9 0.8 0.7t t t t tZ a a a a− − −= − ∗ − ∗ − ∗   (3.9) 
MA(4) 1 2 3 40.9 0.8 0.7 0.6t t t t t tZ a a a a a− − − −= − ∗ − ∗ − ∗ − ∗   (3.10) 
MA(5) 
1 2 3
4 5
0.9 0.8 0.7
0.6 0.5
t t t t t
t t
Z a a a a
a a
− − −
− −
= − ∗ − ∗ − ∗
− ∗ − ∗
  (3.11) 
MA(6) 
1 2 3
4 5 6
0.9 0.8 0.7
0.6 0.5 0.4
t t t t t
t t t
Z a a a a
a a a
− − −
− − −
= − ∗ − ∗ − ∗
− ∗ − ∗ − ∗
  (3.12) 
ARMA(1,1) 1 10.5 0.5t t t tZ Z a a− −= ∗ + ∗ +  ? (3.13) 
ARMA(1,2) 1 1 20.5 0.3 0.4t t t t tZ Z a a a− − −= ∗ − ∗ − ∗ +   (3.14) 
ARMA(2,1) 1 2 11.1 0.3 0.3t t t t tZ Z Z a a− − −= ∗ − ∗ − ∗ +   (3.15) 
ARMA(2,2) 1 2 1 21.1 0.3 0.3 0.4t t t t t tZ Z Z a a a− − − −= ∗ − ∗ − ∗ − ∗ +   (3.16) 
 
BL??? 
?? ?? ????
???? 
?? 
?? 
BL(1,0,1,1) 1 1 10.5 0.2t t t t tZ Z Z a a− − −= ∗ + ∗ ∗ +  ? (3.17) 
BL(1,0,1,1) 1 1 10.5 0.5t t t t tZ Z Z a a− − −= ∗ + ∗ ∗ +  ? (3.18) 
BL(1,0,1,1) 1 1 10.5 0.8t t t t tZ Z Z a a− − −= ∗ + ∗ ∗ +  ? (3.19) 
BL(1,0,2,1) 
1 1 1
2 1
0.3 0.2
0.2
t t t t
t t t
Z Z Z a
Z a a
− − −
− −
= ∗ + ∗ ∗
+ ∗ ∗ +
  (3.20) 
BL(2,0,1,1) 
1 2 1 10.3 0.2 0.2t t t t t
t
Z Z Z Z a
a
− − − −
= ∗ + ∗ + ∗ ∗
+
  (3.21) 
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RCA??? 
?? ( ){ }nt i i t i t
i n
Z B t Z aβ
−
=
= + +∑  ???????? 
?? 
?? 
RCA(1) ??? 1 110.1 0.3β = =∑  ? (3.22) 
RCA(1) ??? 1 110.1 0.5β = =∑  ? (3.23) 
RCA(1) ??? 1 110.2 0.5β = =∑  ? (3.24) 
RCA(1) ??? 1 110.3 0.4β = =∑   (3.25) 
RCA(1) ??? 1 110.5 0.3β = =∑   (3.26) 
 
 
??????? 
???? ????? ?? 
?? 
???????? ( )0,1tX Normal:  (3.27) 
????????? 1 20.6t t t tX a a a− −= + ∗ ∗  
(at~Normal(0,1) ) 
(3.28) 
 
 
?????? 
???
?? ????(Zt)    +        ??(Xt) 
?? 
?? 
1. (0,1)
t t
t
X a
a Normal
=
:  (3.29) 
2. 1 2
1.1 0.3
(0,1)
t t t t
t
X X X a
a Normal
− −
= ∗ − ∗ +
:  (3.30) 
3. 1 2
0.6
(0,1)
t t t t
t
X a a a
a Normal
− −
= + ∗ ∗
:  (3.31) 
4. 
( )6.0 cos 2 12t tZ t Xπ= ∗ ∗ ∗ +
1 1 10.2 0.8
(0,1)
t t t t t
t
X X X a a
a Normal
− − −
= ∗ − ∗ ∗ +
:  (3.32) 
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?? 2 ???????????????? A(0,1,Cs=-3,-2,-1,0,1,2,3)? ACF??? 
 Cs=-3 Cs=-2 Cs=-1 Cs=0 Cs=1 Cs=2 Cs=3 
AR(1) 1.2638 1.2948 1.3203 1.3304 1.3185 1.2992 1.2689
AR(2) 2.2042 2.3099 2.3829 2.4093 2.3790 2.3216 2.2233
MA(1) 1.1482 1.1826 1.2215 1.2451 1.2296 1.2065 1.1766
MA(2) 1.0738 1.0888 1.1052 1.1151 1.1086 1.0986 1.0850
????? 
?=0 
?2=1 
Cs=0 
ARMA(1,1) 1.5596 1.6136 1.6534 1.6681 1.6518 1.6214 1.5694
AR(1) 1.3018 1.3339 1.3565 1.3587 1.3308 1.2949 1.2496
AR(2) 2.2277 2.3289 2.3980 2.4219 2.3906 2.3313 2.2307
MA(1) 1.1495 1.1842 1.2231 1.2450 1.2284 1.2054 1.1767
MA(2) 1.0642 1.0782 1.0969 1.1152 1.1179 1.1130 1.1027
?????? 
?=0 
?2=1 
Cs=2 
ARMA(1,1) 1.5758 1.6285 1.6665 1.6800 1.6614 1.6280 1.5744
AR(1) 1.2464 1.2947 1.3430 1.3767 1.3763 1.3584 1.3246
AR(2) 2.2099 2.3190 2.3979 2.4320 2.4081 2.3548 2.2585
MA(1) 1.1434 1.1772 1.2173 1.2434 1.2297 1.2087 1.1813
MA(2) 1.0989 1.1118 1.1204 1.1163 1.1009 1.0885 1.0754
?????? 
?=0 
?2=1 
Cs=-2 
ARMA(1,1) 1.5669 1.6257 1.6709 1.6903 1.6780 1.6501 1.5973
 
?? 3 ????????????????? A(0,1,Cs=-3,-2,-1,0,1,2,3)? ACF??? 
 Cs=-3 Cs=-2 Cs=-1 Cs=0 Cs=1 Cs=2 Cs=3 
BL(1,0,1,1) 1 1.1523 1.1941 1.2558 1.3496 1.4134 1.4334 1.4328
BL(1,0,1,1)_2 1.0783 1.1141 1.1780 1.2957 1.4048 1.4535 1.4707
BL(1,0,1,1)_3 1.0592 1.0835 1.1254 1.2002 1.2824 1.3264 1.3468
RCA(1)_1 1.0160 1.0156 1.0143 1.0131 1.0133 1.0136 1.0140
RCA(1)_2 1.0189 1.0171 1.0142 1.0121 1.0130 1.0142 1.0156
????? 
?=0 
?2=1 
Cs=0 
RCA(1)_3 1.0462 1.0450 1.0415 1.0382 1.0391 1.0406 1.0419
BL(1,0,1,1) 1 1.1436 1.1826 1.2393 1.3217 1.3689 1.3754 1.3661
BL(1,0,1,1)_2 1.0338 1.0568 1.1028 1.1920 1.2757 1.3135 1.3241
BL(1,0,1,1)_3 1.0110 1.0183 1.0365 1.0806 1.1391 1.1711 1.1792
RCA(1)_1 1.0115 1.0113 1.0107 1.0104 1.0104 1.0108 1.0111 
RCA(1)_2 1.0100 1.0091 1.0078 1.0073 1.0077 1.0086 1.0096
?????? 
?=0 
?2=1 
Cs=2 
RCA(1)_3 1.0305 1.0303 1.0288 1.0279 1.0280 1.0287 1.0291
BL(1,0,1,1) 1 1.1025 1.1449 1.2124 1.3173 1.3953 1.4236 1.4252
BL(1,0,1,1)_2 1.0715 1.1086 1.1775 1.3136 1.4437 1.5025 1.5307
BL(1,0,1,1)_3 1.1983 1.2293 1.2746 1.3501 1.4464 1.5072 1.5456
RCA(1)_1 1.0194 1.0208 1.0204 1.0185 1.0208 1.0225 1.0231
RCA(1)_2 1.0270 1.0273 1.0252 1.0223 1.0260 1.0295 1.0318
?????? 
?=0 
?2=1 
Cs=-2 RCA(1)_3 1.0602 1.0626 1.0610 1.0572 1.0628 1.0675 1.0697
模 式 Noise 
Cs 
式 
Cs 
模 Noise 
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?? 4 ????????????? A(0,1,Cs=-3,-2,-1,0,1,2,3)? ACF???????
?? 
 ???? 
(Linear model) 
??? 
A( 0 , 1 , Cs=0,2,-2) 
ACFCs=1 > ACFCs=2 > ACFCs=3 
ACFCs=-1 > ACFCs=-2 > ACFCs=-3 
???????????? ACF???????? 
 
 
 
??5 ????????????(?????????)?????????????
? 
100????????????  
200 1000 
(3.3) AR(3) 72 93 
(3.4) AR(4) 65 87 
(3.5) AR(5) 52 76 
(3.6) AR(6) 56 70 
(3.9) MA(3) 52 88 
(3.10) MA(4) 53 83 
(3.11) MA(5) 58 86 
(3.12) MA(6) 69 93 
(3.14) ARMA(1,2) 64 93 
(3.15) ARMA(2,1) 76 95 
(3.16) ARMA(2,2) 61 99 
(3.20) BL(1,0,2,1) 96 100 
(3.21) BL(2,0,1,1) 75 87 
(3.25) RCA(1)_1 79 96 
(3.26) RCA(1)_2 66 77 
 
 
Noise 
?? 
樣 
本 
數 模 
式 
模 
式 
編 
號 
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?? 6 ???????????????????? 
100????????????  
??????(3.27) ???????(3.28) 
200 58 65 
1000 94 89 
 
?? 7 ??????????????????? 
100????????????  
??+????
???(3.29) 
??+????
??(3.30) 
??+????
????(3.31)
??+????
???(3.32) 
200 52 65 51 86 
1000 93 96 63 78 
 
?? 8 ???????????????? 
?? ???? 
??????? ??? 
Wölfer?????? ??? 
??????(H026) ??? 
??????(H005) ??? 
 
?? 9 ?????????????????? 
?? ???? 
??(1140H001) ??? 
??(1140H002) ??? 
??(1140H010) ?? 
??(1140H041) ??? 
??(1140H043) ??? 
??(1140H048) ??? 
???(1350H001) ??? 
??(1510H024) ??? 
??(1540H009) ?? 
??(2200H007) ??? 
????(2200H011) ??? 
????(2560H006) ?? 
 
組 數 
模 
式 
樣 
本 
數 
組 數 
模 
式 
樣 
本 
數 
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